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ABSTRACT

In Marfan syndrome, early identification and treatment of aortic involvement could improve prognosis,
but clinical diagnosis may be difficult at a young age, before aortic dilation occurs. The aim of this
study was to evaluate biomechanical aortic properties in Marfan patients and in their relatives to
identify an early index of aortic involvement. A magnetic resonance imaging (MRI) morphologic and
functional study of the thoracic aorta was performed in 20 Marfan patients, 15 family members, and
14 healthy volunteers as a control group. The aorta was imaged in the oblique sagittal plane by spin-
echo sequence. A high-resolution gradient-echo sequence was then applied in the axial plane at the
level of ascending supravalvular aorta to evaluate aortic distensibility. Aortic distensibility (mm Hg™')
was significantly different in the three groups (ANOVA, p = 0.0001). Aortic distensibility was sensibly
reduced in Marfan patients (0.0085 %+ 0.006 vs. 0.025 * 0.006 control group, p < 0.05). No significant
correlation was found between aortic area and distensibility. Aortic distensibility was reduced also
in family members (0.016 = 0.011 vs. 0.025 = 0.006 control group, p < 0.05). Among them, 4 subjects
showed aortic diameters to the upper limit of the normal range, whereas the other 11 presented
normal aortic diameters. Intraobserver and interobserver reproducibility for diastolic measurement
was 1.2% and 0.4%, respectively, and 1.1% and 0.3%, respectively, for systolic measurement. MRI
is an accurate technique in detecting abnormal aortic elastic properties in Marfan patients. Abnormal
ascending aorta distensibility may constitute an index of early aortic involvement before dilation
oCCurs. .
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INTRODUCTION

Marfan syndrome is a connective tissue disorder with
autosomal dominant inheritance and a prevalence of at
least 1:3000/5000 (1-3). In approximately 25-30% of
cases, new mutation is continued that suggests parental
germline defect (4). Because of the disease’s wide and
variable clinical manifestations, diagnosis of Marfan syn-
drome is based on the assessment of major and minor
criteria established by the recently revised Ghent Nosol-
ogy (1). The cardiovascular complications associated
with Marfan syndrome reduce patients’ life expectancy
by one third, on average (3,5). Progressive aortic dilation
with subsequent dissection or rupture is the leading cause
of death. However, though the monitoring of aortic diam-
eters is mandatory, such parameters are not always reli-
able as dissection can occur also without aortic dilation
(6,7).

Prognosis could be significantly improved by early di-
agnosis and prophylactic surgical repair, because mortal-
ity is much higher when surgery is performed as an emer-
gency procedure (6). Unfortunately, most clinical criteria
are age dependent and do not usually suffice as grounds
for early diagnosis.

In Marfan syndrome, structural abnormalities causing
aortic dilation and dissection are also manifested by ab-
normal elastic properties. It has been demonstrated that
magnetic resonance imaging (MRI) is the most accurate
tool in the evaluation of aortic pathology, providing both
precise morphologic information and functional charac-
teristics. Previous studies have demonstrated MRI’s abil-
ity to detect abnormal aortic compliance and distensibil-
ity in Marfan patients (8—13).

The aim of this study was to evaluate aortic biome-
chanical properties in Marfan patients and their relatives
to identify an early index of aortic involvement.

METHODS

Twenty patients who fulfilled the diagnostic criteria
of Marfan syndrome (10 men and 10 women, aged 10—
42 yr, mean age 27.8 £ 9.2 yr), 15 relatives of Marfan
syndrome patients (10 men and 5 women, aged 6-24,
mean age 14.7 * 6.2 yr), and a control group of 14
healthy volunteers (7 men and 7 women, aged 25-32,
mean age 29 * 3.0 yr) were studied. All the family mem-
bers presented isolated Marfan features, but none of them
fulfilled the diagnostic criteria (1). Beta-blocker therapy
or other medication that could interfere with aorta mea-
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Figure 1. Axial and sagittal spin-echo images of the thoracic
aorta in a Marfan patient. A moderate enlargement of the as-
cending aorta is visible.

surements was stopped 24 hr before the MRI examina-
tion.

An MRI examination was performed in all subjects.
The study included morphologic and functional evalua-
tion. A multislice spin-echo study (TE 20 msec, TR ac-
cording to RR interval of electrocardiogram) of the tho-
racic aorta was performed in the axial and sagittal plane
(Fig.1). The functional study consisted of a single-slice
gradient-echo sequence (TR 25 msec, TE 17 msec, flip
angle 35 degrees, slice thickness 7 mm, matrix 256 X
256, field of view 35 mm, four number of excitations)
on the axial plane of the ascending supravalvular aorta
taken perpendicularly to the mid-ascending and descend-
ing aorta at pulmonary artery level (Fig. 2). The diastolic
images were acquired 10 msec after the R wave, and the
systolic images were acquired after the electrocardiogram
T wave. Acquisition time was 8—12 min per image de-
pending on heart rate.

Aortic distensibility (mm Hg™') was calculated ac-
cording to the following formula (14): distensibility = 2
(aortic luminal area change)/(diastolic luminal area X
pulse pressure).

The aortic lumen was outlined manually on the com-
puter screen to measure the aortic area (Fig. 2). Measure-
ments were repeated on three occasions by two operators
blind to each other’s results. An average of the measure-
ments was taken. The aortic diameter was then measured
on the MRI axial plane. Arterial blood pressure was mea-
sured using the auscultatory method with sphygmoma-
nometer on the left arm both before and after the respec-
tive images were acquired, and pulse pressure was
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(B)

Figure 2. Axial gradient-echo image of the thoracic aorta in
a 16-year-old family member. Systolic and diastolic images of
the mid-ascending aorta lumen are used to measure the aortic
area on a computer screen. (A) Systolic image of the mid-
ascending aorta: The aortic lumen is outlined on the computer
screen to measure the aortic area (B).
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calculated as the difference between systolic and diastolic
blood pressure.

To assess the effectiveness of the measurements of
aortic distensibility, intraobserver and interobserver re-
producibility was calculated as the standard deviation of
the differences of measurements expressed as a percent-
age of the mean of the measurements (15). ANOVA and
Bonferroni #-test for pairwise comparisons were used for
statistical evaluation; p < 0.05 was considered statisti-
cally significant.

RESULTS

As far as demographic characteristics and body sur-
face area were concerned, there was no difference in age
or gender distribution between the Marfan patients and
the control group, although the subjects in the Marfan
group had larger body surface area values (1.9 * 0.23
m? Marfan group, 1.73 * 0.20 m? family members, 1.70
=+ 0.08 m2control subjects, p < 0.05). Systolic, diastolic,
and pulse pressure values; ascending aortic areas (abso-
lute value and normalized to body area); and ascending
aorta distensibility for Marfan, control, and family mem-
bers groups are shown in Table 1.

Systolic, diastolic, and pulse pressures and ascending
aortic area were not significantly different between the
three groups. The aortic distensibility of ascending aorta
was significantly reduced in the Marfan patients com-
pared with the control group (Fig. 3). No significant rela-
tionship between aortic area and distensibility was found
in Marfan patients (Fig. 4). Despite their young age, sev-
eral family members presented reduced aortic distensibil-
ity. Of this subset, 1 family member presented slight aor-
tic dilation, 3 presented aortic diameters at the upper
limits of normal values, and 11 had normal aortic diame-
ters.

Intraobserver reproducibility ranged from 1.2% for
the ascending aorta in diastole to 1.1% for the ascending
aorta in systole. Similarly, interobserver reproducibility
ranged from 0.4% for the ascending aorta in diastole to
0.36% for the ascending aorta in systole. The mean per-
centage change of aortic area was 8.3% in the ascending
aorta (8).

DISCUSSION

Life expectancy of Marfan patients is substantially re-
duced by cardiovascular complications. Progressive aor-
tic dilation and/or dissection and rupture are the leading
causes of death. Beta-blocker therapy seems to delay aor-
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Table 1
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Aortic Parameters of Marfan Patients, Family Members, and Healthy Volunteers (HV)

Marfan Patients Family Members HV ANOVA

(n =20) n=15 n=14) p value
Systolic pressure (mm Hg) 128 = 8.6 127 = 14.7 119 = 14.8 0.122
Diastolic pressure (mm Hg) 80 + 6.3 75 £ 103 745 £ 7.2 0.087
Pulse pressure 475 £92 52 £ 12.8 434 = 10.2 0.105
Systolic Area (cm?) 7323 69 = 1.7 6.1 = 0.6 0.143
Diastolic area (cm?) 6.8 +22 58 1.7 53 +09 0.051
Normalized systolic area 38 £ 1.0 40 * 09 3.6 £ 04 0.475
Normalized diastolic area 315+ 1.0 34+ 1.0 3105 0.393
Distensibility (mm Hg™') 0.0085 * 0.006* 0.016 = 0.011* 0.025 * 0.006* 0.0001

Values are means * SD.

*Marfan patients vs. family members, Marfan patients vs. healthy volunteers, and family members vs. healthy volunteers; p < 0.05.

tic dilation by reducing the systolic aortic pulse pressure
and the strain and frequency of left ventricular ejection
(13,16). Therefore, to provide an effective treatment in
patients affected by Marfan syndrome, aortic involve-
ment must be early and accurately established so that
medical treatment can be promptly started.

The defect causing Marfan syndrome has recently
been identified as the mutation of a gene (FBN1), located
on chromosome 15, which encodes fibrillin 1 (17). Fibril-
lin 1 is a large glycoprotein that is part of microfibrils.
Because microfibrils are an important constituent of ex-
tracellular matrices in most tissues, fibrillin abnormalities
may impair the structural and functional integrity of a
variety of tissues where these proteins are a component
element (18-20). Fibrillin proteins constitute the scaf-
folding of the elastic fibers in the tunica media of the
arterial wall. Abnormal fibrillin coupled with disorga-
nized elastin leads to abnormalization of the elastic prop-
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Figure 3. Comparison of aortic distensibility among Marfan
patients, family members, and healthy volunteers.

erties of the wall. This alteration is the basis of progres-
sive aortic dilatation observed in Marfan patients.
Noninvasive techniques such as echocardiography and
MRI have been used to determine aortic distensibility and
stiffness index. By MRI, aortic elastic properties can be
investigated with two different methods: the ratio of aor-
tic area change and pulse pressure (distensibility) or the
quantification of pulse wave velocity through the as-
cending and descending aorta (13). Compared with echo-
cardiography, MRI has several advantages: It allows the
same aortic site to be used on each occasion, which is
important when serial measurements are to be made (21).
The use of the bifurcation of the pulmonary artery to
align MR images ensures that measurements can be made
at the same level on each occasion. In addition, its
multiplanar acquisition guarantees that images are taken
perpendicularly to the aortic lumen. Furthermore, be-
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Figure 4. Relationship between aortic distensibility and mid-
ascending aortic area in Marfan patients.



Detecting Aortic Elastic Properties

cause chest wall deformities are common in Marfan pa-
tients, the difficulties in obtaining accurate echocardio-
gram measurements are increased.

Careful monitoring is suggested for Marfan patients
with an aortic diameter of over 4.5 cm, and when the
aortic diameter reaches 5.5 cm, prophylactic surgery is
recommended. Nevertheless, despite aortic dilation and
dissection being strictly related, there is clinical evidence
that aortic dissection can also occur in patients with nor-
mal aortic diameters (6). For this reason aortic dilation
may not be considered a unique and entirely satisfactory
criterion in the difficult decision making of preventive
surgical strategies (22-25).

Reduced distensibility could be considered a more
specific and reliable sign of fibrillin abnormalities, and
it could be used as an additional parameter for the timing
of aortic replacement. Despite the tendency toward low
distensibility in Marfan patients with dilated aorta, in this
study no significant correlation was found between aortic
dilation and distensibility (r = —0.16). Furthermore, as
reported in others studies (8), three Marfan patients with
dilated ascending aorta presented normal aortic distensi-
bility. The significance of these observations is not yet
clear. It is reasonable to suppose that fibrillin abnormali-
ties may be expressed either independently or combined
both with aortic dilation and abnormal distensibility (26).

With regard to the family members group, our data
revealed abnormal distensibility in seven relatives, four
of which presented aortic dimension in the upper limits.
Considering the young age of these family members, re-
duced aortic distensibility might precede the complete
expression of aortic involvement, suggesting the time to
begin beta-blocker therapy.

Additional studies are needed to determine the poten-
tial clinical significance of these findings. In Marfan pa-
tients a significant alteration of aorta elasticity may indi-
cate a high risk of dissection or may be an additional
parameter to consider in the controversial surgical man-
agement. In young family members this may support the
suspicion of the syndrome and give rise to a genetic
study. Timely diagnosis and treatment represent the only
chance to delay the unfavorable outcome of the disease.

REFERENCES

i. DePaepe A, Devereux RB, Dietz HC, Henneken CM and
Pyeritz RE. Revised diagnostic criteria for the Marfan
syndrome. Am J Med Genet, 1996; 62:417-426.

2. Beighton P, de Paepe A, Danks D, Finidori G, Gedde-
Dahl T, Goodman R, Hall JG, Hollister DW, Horton W
and McCusick VA. International Nosology of Heritable

10.

11.

12,

13.

14.

15.

255

Disorders of Connective Tissue, Berlin, 1986. Am J Med
Genet, 1988; 29:581-594.

Pyeritz RE. The Marfan syndrome. In: Royce PM,
Steinmann B, eds. Connective Tissue and Its Heritable
Disorders: Molecular, Genetic and Medical Aspects.
New York: Wiley-Liss, 1993:437-468.

Nijbroek G, Sood S, Mclntosh I, Francomano CA, Bull
E, Pereira L, Ramirez F, Pyeritz RE and Dietz HC. Fif-
teen novel FBN1 mutations causing Marfan syndrome
detected by heteroduplex analysis of genomic amplicons.
Am J Hum Genet, 1995; 57:8-21.

Silverman DI, Burton KJ, Gray J, Bosner MS, Kou-
choukos NT, Roman MJ, Boxer M, Devereux RB and
Tsipouras P. Life expectancy in the Marfan syndrome.
Am J Cardiol, 1995; 75:157-160.

Gott VL, Green PS, Alejo DE, Cameron DE, Naftel DC,
Miller DC, Gillinov AM, Laschinger JC and Pyeritz RE.
Replacement of the aortic root in patients with Marfan's
syndrome. N Eng J Med, 1999; 340:1307-1313.
Roberts WC and Honig HS. The spectrum of cardiovas-
cular disease in the Marfan syndrome: a clinico-morpho-
logic study of 18 necropsy patients and comparison to
151 previously reported necropsy patients. Am Heart J,
1982; 104:115-135.

Adams JN, Brooks M, Redpath TW, Smith FW, Dean J,
Gray I, Walton S and Trent RJ. Aortic distensibility and
stiffness index measured by magnetic resonance imaging
in patients with Marfan’s syndrome. Br Heart J, 1995;
73:265-69.

Savolainen A, Keto P, Hekali P, Nisula L, Kaitila I, Viita-
salo M, Poutanen VP, Standertskjold-Nordenstam CG
and Kupari M. Aortic distensibility in children with Mar-
fan syndrome. Am J Cardiol, 1992; 70:691-692.
Hirata K, Triposkiadis F, Sparks E, Bowen J, Wooley CF
and Boudoulas H. The Marfan syndrome: abnormal elas-
tic properties. J Am Coll Cardiol, 1991; 18:57-63.
Reed CM, Fox ME and Alpert BS. Aortic biomechanical
properties in pediatric patients with the Marfan syn-
drome and the effects of atenolol. Am J Cardiol, 1993;
71:606-8.

Jeremy RW, Huang H, Hwa J, McCarron H, Hughes CF
and Richards JG. Relation between age, arterial distensi-
bility and aortic dilatation in the Marfan syndrome. Am
J Cardiol, 1994; 74:369-73.

Groenink M, de Roos A, Mulder BIM, Spaan JAE and
van der Wall EE. Changes in aortic distensibility and
pulse wave velocity assessed with magnetic resonance
imaging following beta-blocker therapy in the Marfan
syndrome. Am J Cardiol, 1998; 82:203-208.

Peterson LH, Jensen RE and Parnell J. Mechanical prop-
erties of arteries in vivo. Circ Res, 1960; 8:622-639.
Pattynama PM, Lamb HJ, van der Velde EA, van der
Wall AA and de Ross A. Left ventricular measurements
by cine and spin-echo MR imaging: a study of reproduc-
ibility with variance component analysis. Radiology,
1993; 187:261-268.



256

20.

21.

Shores I, Berger KR, Murphy EA and Pyeritz RE. Pro-
gression of aortic dilatation and the benefit of long term
B-adrenergic blockade in Marfan’s syndrome. N Engl J
Med, 1994, 330:1335-1341.

Kainulainen K, Pulkkinen L, Savolainen A, Kaitila I and
Peltonen L. Location on chromosome 15 of the gene de-
fect causing Marfan syndrome. N Engl J Med, 1990; 323:
953-959.

Dietz HC and Pyeritz RE. Mutations in the human gene
for fibrillin-1 (FBN1) in the Marfan syndrome and related
disorders. Hum Mol Genet, 1995; 4:1799-1809.
Aoyama T, Francke U, Gasner C and Furthmayr H. Fibril-
lin abnormalities and prognosis in Marfan syndrome and
related disorders. Am J Med Genet, 1995;58:169-176.
Milewicz DM, Pyeritz RE, Crawford ES and Byers PH.
Marfan syndrome: defective synthesis, secretion and ex-
tracellular matrix formation of fibrillin by cultured dermal
fibroblasts. J Clin Invest, 1992; 89:79-86.

Mohiaddin RH, Underwood SR, Bogren HG, Firmin DN,
Klipstein RH, Rees RS and Longmore DB. Regional aor-
tic compliance studied by magnetic resonance: the effects

22,

23

24,

25.

26.

Fattori et al.

of age, training and coronary artery disease. Br Heart J,
1989; 62:90-96.

Smith JA, Fann JI, Miller C, Moore KA, DeAnda A Jr,
Mitchell RS, Stinson EB, Oyer PE, Reitz BA and Shum-
way NE. Surgical management of aortic dissection in pa-
tients with the Marfan syndrome. Circulation, 1994,
90(I1):235-242.

Antman EM. Current diagnosis and prescription for Mar-
fan syndrome: when to operate. J Card Surg, 1994,
9(Suppl):174-176.

Finkbohner R, Johnston D, Crawford ES, Coselli J and
Milewicz DM. Marfan syndrome. Long-term survival
and complications after aortic aneurysm repair. Circula-
tion, 1995; 91:728-733.

Treasure T. Elective replacement of aortic root in Mar-
fan’s syndrome. Br Heart J, 1993; 69:101-103.

Fattori R, Nienaber CA, Descovich B, Ambrosetto P,
Bacchi Reggiani L, Pepe G, Kaufmann U, Negrini E, von
Kodolitsch Y and Gensini GF. Importance of dural ecta-
sia in phenotypic assessment of Marfan’s syndrome. Lan-
cet, 1999; 354:910-913.



